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Introduction
The practice of evidence-based medicine means integrating individual clinical expertise with the best available external clinical evidence from systematic research [1] .
Treatment recommendations in European Association of Urology (EAU) guidelines are underpinned, whenever possible, by the results of systematic reviews (SRs)/metaanalyses (MAs) and large randomized controlled trials (RCTs). According to the 2009 Oxford Centre for Evidencebased Medicine, SRs of RCTs (with or without a metaanalysis) that are free of worrisome variations (heterogeneity) in results between individual studies provide the highest level of evidence (LE), 1a, whereas individual RCTs with a narrow confidence interval provide the next highest LE, 1b [2] . As SRs can provide a higher LE than RCTs, the results of SRs are generally considered to take precedence when developing treatment recommendations.
The quality of the results of an SR/MA depends on the quality of the studies included. Kjaergard et al [3] found a correlation between methodologic quality and discrepancies in the results of large and small RCTs included in MAs. Intervention effects were exaggerated in small trials with inadequate allocation sequence generation, inadequate allocation concealment, and no double blinding.
Discrepancies have also been noted between large RCTs and previously published MAs on the same subject [4] [5] [6] . For 12 large RCTs carried out subsequent to 19 MAs addressing the same question, LeLorier et al [7] found that the results of subsequent RCTs[ 1 _ T D $ D I F F ] disagreed with those of earlier MAs 35% of the time.
To illustrate these points and provide guidance to guideline developers in dealing with conflicting data from different sources, two examples that have a direct bearing on EAU Guidelines treatment recommendations are presented. In the first example, the EAU Guidelines Office has recently been confronted with the results of a large RCT that found no beneficial effect of medical expulsive therapy (MET) on stone passage, contrary to results of previous meta-analyses that formed the basis for treatment recommendations [8] . In the second example, which compares the efficacy of partial and radical nephrectomy for localized renal tumors, discordance between the results of the metaanalysis and the only available RCT are investigated [9, 10] .
Advantages and limitations of RCTs
As summarized in Table 1 , RCTs have a number of advantages and limitations.
Advantages of RCTs
RCTs are the gold standard for providing evidence on the effectiveness of interventions [11, 12] . Randomization balances, on average, the distribution of both known and unknown prognostic factors at baseline in the intervention groups, thereby minimizing selection bias when assigning patients to treatments. Although adjusting for baseline covariates used in the randomization process can improve statistical power, complex adjustment procedures such as propensity score weighting are not usually required when comparing outcomes.
Patients are selected, treated, followed, and assessed according to a common protocol testing a specific hypothesis. Blinding of participants and physicians to the allocated intervention may be possible to minimize performance bias, and is especially important when assessing outcomes [13] . Quality control measures and external review of key parameters maximize study quality.
Limitations of RCTs
RCTs can be challenging to design (randomization and blinding), conduct (poor recruitment, loss to follow-up), analyze (missing data), and report (patient exclusions).
RCTs require an adequate sample size and follow-up to have sufficient power to detect clinically relevant differences between interventions [14] . In practice, many clinical trials do not meet their prespecified power requirements, so a conclusion of ''no significant difference'' in outcome should not be interpreted as meaning that two or more treatments are equivalent in effect. Sample size estimation requires data about expected differences and variability of the primary outcome. Often these data are unknown or only available from observational studies prone to bias.
Although analyses using the intention-to-treat principle can provide an unbiased estimate of the treatment effect, this assumes that there are no differences in follow-up or missing outcome data that may bias the treatment comparison [15] . In some RCTs, not all participants receive their randomized intervention; they may, for example, cross over to the other randomized treatment, in which case a per-protocol analysis may also provide useful information. Various analysis strategies exist, depending on whether the objective is to estimate treatment efficacy (the intervention effect under perfect conditions, in which case intent to treat can dilute the size of the treatment effect) or effectiveness (the real-world intervention effect with ''imperfect'' compliance). RCTs are expensive and resource-intensive
An RCT with double blinding, few missing data, and good compliance will have high internal validity, but if an RCT recruits only a very select population, the external validity (generalizability) may be low. This can happen because of overly restrictive inclusion/exclusion criteria or inclusion of only expert clinicians in select sites [16] . Single-center RCTs typically have lower external validity compared to multicenter RCTs that allow comparison of results between centers.
Finally, robust, adequately powered RCTs with long-term follow-up are difficult to organize, expensive, and resourceintensive. Thus, many RCTs focus on short-term or surrogate outcomes, the clinical significance of which is often uncertain. Any short-term benefits might not be maintained over the longer time horizons that are more relevant to patients, clinicians, and policy-makers [17] .
3.
Advantages and limitations of SRs and MAs Table 2 outlines the advantages and limitations of SR/MAs.
Advantages of SR/MAs
An SR is a literature review focused on a research question that tries to identify, appraise, select, and synthesize all research evidence relevant to that question. SRs are a priori defined in a participant, intervention, comparator, outcome (PICO)-based protocol outlining the study inclusion criteria. They are the only transparent and replicable form of literature review that provide a rigorous and critical qualitative appraisal of the evidence related to an intervention. SRs explore the findings of individual studies, draw attention to their differences, and identify sources of bias [18] .
An MA is a statistical technique for quantitatively combining data from two or more separate RCTs asking the same or a similar question [19] . They should only be performed as part of an SR, otherwise the MA is a combined analysis that is susceptible to study selection bias. Two different types of MAs exist: literature-based or aggregate data MAs, and individual patient data (IPD) MAs [20, 21] .
MAs provide an overall estimate of the size of the treatment effect, giving due weight to the size of the individual RCTs. They are useful when individual studies are underpowered or yield inconclusive or conflicting results, or when an overall, more precise estimate of the size of the treatment effect is required. MAs increase the power to detect moderate but clinically meaningful differences in treatment outcome and assess if the treatment effect is similar across different studies or types of patients [22] . They are useful in exploring the effects of an intervention in subgroups of patients, especially in IPD MAs [20, 21] .
SRs and MAs are vital for guideline developers, healthcare providers, patients, researchers, and policymakers in order to guide clinical practice, research, and healthcare policies [23] .
Limitations of SR/MAs
The validity of an MA depends on the quality of the SR on which it is based. SRs and MAs have a number of potential limitations, including poor quality of the studies included, heterogeneity, and publication bias. The literature summary provided in an SR and the results of an MA are only as reliable as the quality of the studies included. Although IPD MAs and multicenter RCTs can be analyzed using the same statistical techniques for clustered data, where the clusters are studies and centers, respectively, there may be important clinical and methodological heterogeneity between the studies in an MA since they are not carried out based on a common protocol. The studies may be heterogeneous regarding patients included, the intervention, or the assessment of treatment outcome. Although heterogeneity in treatment effect can be better investigated in IPD MAs, the primary studies should be similar enough to be combined, otherwise genuine differences in effects may be obscured [24, 25] . Since institutions participating in a multicenter study are supposed to treat, follow up, and assess patients according to a common protocol, there is potentially a greater degree of standardization and higher quality data in multicenter clinical trials compared to studies included in MAs.
If bias is present in the individual studies included in an MA, MAs will compound these errors and produce a biased result. The risk of bias (RoB) for the outcomes in each study should be systematically assessed and sensitivity analyses performed to examine the effect of RoB on the conclusions. Observational and nonrandomized comparative studies in SRs of interventions should not be included in MAs because the MA may provide very precise but spurious results because of confounding and patient selection bias.
Only a nonrandom proportion of research projects ultimately reach publication in an indexed journal and become readily identifiable for SRs. Statistically significant ''positive'' results favoring an intervention are more likely to be published, published more quickly, and published in higher impact journals, leading to publication bias [26] . When these trials are pooled together in an MA, this may lead to exaggeration of the treatment effect. Begg and Egger tests, along with funnel graphs and plots, can be applied for detection of publication bias, but these have limited power in small MAs, such as those including fewer than ten studies [27] . To minimize publication bias, authors should not only perform a comprehensive systematic literature search looking for published trials in various electronic databases, but should also search trial registries for unpublished studies and conference abstracts or proceedings [18] .
4.
When the results of an RCT are in conflict with the results of an SR/MA It is not uncommon for the results of a large RCT to appear to be inconsistent with evidence from SRs/MAs. The most extreme case is when an intervention thought to be beneficial is demonstrated to be harmful in a large RCT [9, 10] . More commonly, an RCT may show that a treatment is ineffective, or less effective than found in a previous MA, or perhaps only effective in a subpopulation of patients. Assuming the conflicting RCT was of high quality, a number of issues should be explored to try to explain the discrepancies. 
Small study effects and publication bias
Small study effects and publication bias can individually and jointly produce results in an SR/MA that conflict with a large RCT. Studies have shown that small RCTs can exaggerate intervention effects owing to shortcomings in methodological rigor, which may then introduce bias [3] .
Small studies that find statistically significant (but unrealistically large) treatment effects are more likely to be published than negative studies, and then included in an SR and MA, leading to publication bias. Both of these phenomena can be investigated using funnel plots [31] .
Heterogeneity
Heterogeneity within an SR/MA can arise from many sources, including the population recruited (age, sex, disease severity, etc), the intervention(s) and control treatments, and the definition and timing of outcome measurements. If studies included in an SR/MA differ substantially from a subsequent large RCT, then judgment is required on whether similar findings should be expected. Another source of heterogeneity is differences in the methodological quality of the studies included. Deficiencies in the generation and concealment of the allocation sequence, adherence to treatment, handling of missing data, and outcome assessment can all introduce bias in the outcomes reported in the studies included [18] . Bias may then be propagated in MAs through the pooling of biased study effects, thus contributing to different estimates of effectiveness between an SR/MA and subsequent large RCTs. Nevertheless, since an MA is generally seen to have a higher LE than a single RCT, the results of a poor-quality MA may have more impact than a well-conducted RCT.
Heterogeneity should be assessed using both clinical knowledge and statistical methods. If substantial heterogeneity from any source is suspected, random effects models are recommended; however, the pooling of data and estimation of an overall treatment effect may be inappropriate with any statistical model in the presence of heterogeneity. Meta-regression is a useful tool for exploring the relationship between RCT effect sizes and characteristics at a study level [32] ; however, IPD MAs are required for assessment at a patient level [21, 33] . Appropriate statistical modeling may show that after correcting for sources of bias and heterogeneity, discrepancies between SRs/MAs and definitive RCTs are reduced. Whatever the approach, interpretation of results is less straightforward when heterogeneity is present.
To provide guidance to clinicians and guideline developers when there is a conflict in results between a large RCT and an SR/MA, a practical checklist of points to consider is provided in Table 3 .
5.
Examples of discrepancies between findings from MAs and large RCTs 5.1.
Medical expulsive therapy
Five SRs and MAs on the management of uncomplicated symptomatic ureteric stones using MET were published in the past 10 yr [34] [35] [36] [37] [38] . All five suggested that alpha blockers and nifedipine were more effective in increasing spontaneous passage of ureteric stones compared to control (risk ratios ranging from 1.45 to 1.59). The reviews identified numerous sources of potential bias that limited the strength When some studies included in an SR/MA are judged to be at high RoB and others at low RoB, or extreme variations in the populations or interventions in the studies are apparent, did the authors conduct a sensitivity analysis to ascertain the estimates of effect for only studies judged to be at low RoB?
Sensitivity analyses are different from subgroup analyses. Some studies are actively omitted as we are only interested in the results when the biased or ''different'' studies are omitted. SR = systematic review; MA = meta-analysis; RCT = randomized controlled trial; CI = confidence interval; RoB = risk of bias. 0 1 7 ) 8 1 1 -8 1 9 of the evidence, and the authors concluded that there was an urgent need to conduct a large, robust, multicenter RCT to address these shortcomings. Pickard et al [8] published the results of such an RCT in 1167 patients and found no evidence that either tamsulosin or nifedipine increased the rate of spontaneous stone passage compared to placebo. The results were consistent across subgroup and sensitivity analyses. We compare the RCT by Pickard et al [8] to the MA with the most studies, by Seitz et al [36] , to explore and discuss discordant findings. Most RCTs included in the Seitz MA were small and recruited from a single center; only six of 35 (17%) recruited more than 100 patients. The majority had low internal validity and only one RCT reported allocation concealment. As small RCTs may report larger effect sizes compared to larger RCTs, an MA of small RCTs can lead to biased estimates of treatment effects [39] . Seitz et al also found evidence of publication bias, which can lead to overestimation of treatment effects and compromise the validity of the MA findings [40] .
Seitz et al [36] found evidence of clinical heterogeneity concerning the patient inclusion criteria, stone characteristics, intervention, treatment in the control group, and outcome measurement. In the MA, the primary outcome of being stone-free was inconsistently defined, assessed using different imaging modalities, and measured at a variety of time points. In the RCT of Pickard et al [8] , the primary outcome was any need for further intervention within 4 wk of randomization, which is compared here to being stonefree. In the control group of the Pickard RCT, 80% of patients were stone-free, whereas in the Seitz review, stone-free rates ranged from 4% to 78%, which highlights the potential impact of heterogeneity in the studies included.
With contrasting primary outcomes and different baseline event rates in the control groups, it is not surprising that the RCT and MA reported discordant findings. The choice of primary outcome is clearly of paramount importance in any trial. Heterogeneity in the conduct, design, and reporting of trials in this MA makes pooled treatment effects difficult, if not impossible, to interpret.
Partial versus radical nephrectomy
In a European Organization for Research and Treatment of Cancer (EORTC) RCT involving 541 patients with a solitary T1-2N0M0 renal tumor of 5 cm, 21 patients progressed, nine after radical nephrectomy (RN) and 12 after partial nephrectomy (PN). An intent-to-treat analysis found an overall survival (OS) advantage in favor of RN (hazard ratio [HR] 1.5, p = 0.03); however, only 12 of the 117 deaths were due to kidney cancer, four after RN and eight after PN [10] . Subsequently, Kim et al [9] published an SR and MA including some 41 000 patients and found statistically significant improvements in both OS (HR 0.81, p < 0.001) and disease-specific survival (HR 0.71, p < 0.001), but this time in favor of PN [9] . How can this discordance be explained?
The Kim MA has a number of limitations. First, the 38 trials included were mostly retrospective, single-center studies. The only RCT was the EORTC study. No information was provided about the distribution of follow-up or patient characteristics by treatment group (T category when >T1, tumor size, tumor grade, cell type, or renal function). Consequently, the differences in survival observed may not be directly due to differences in treatment efficacy. In addition, it is not clear to which patients the results can be generalized. Lastly, there was significant heterogeneity in the size of the treatment effect across the studies, so the overall estimate of the HR is not meaningful. Nevertheless, the EORTC RCT also had limitations and should be interpreted with caution: 55 patients crossed over to the other randomized treatment, 140 patients were clinically or pathologically ineligible, and there were few cancer-related events.
The MA found that PN was associated with a lower risk of severe chronic kidney disease (CKD); however, the EORTC study only found lower incidence of at least moderate renal dysfunction, not of advanced kidney disease or renal failure, and this was not associated with a corresponding difference in survival [41] . The studies in the MA did not always specify the status of the contralateral kidney, whereas in the EORTC study the contralateral kidney had to be normal.
Critical information regarding the biases of the studies included in the SR were not made explicit, since a Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) approach [42] was not used to assess the quality of the evidence. The quality of the studies in the SR and the heterogeneity of the results call into question the validity of the conclusions of the MA, which should thus be viewed with skepticism. In the same year, another SR suggested that localized renal cell carcinomas are best managed by PN where technically feasible. However, the evidence base had significant limitations owing to studies of low methodological quality and high RoB [43] .
Further nonrandomized studies have found improved survival after PN [44, 45] and a reduction in the risk of cardiovascular events [46] relative to RN; however, patients chosen for PN had a higher baseline likelihood of long-term survival [47, 48] . In another study, only patients with stage II CKD had a lower risk of developing significant renal impairment after PN [49] . More recently, an SR and MA of 21 nonrandomized comparative studies in patients with clinical T1b and T2 renal tumors found better tumor control and survival for PN compared to RN [50] , but the SR is subject to the same biases as the Kim MA.
Taking into account all the available efficacy data and a perceived advantage in renal function, the 2016 EAU Guidelines recommend, with several exceptions, that localized renal cancers are better managed by PN than RN.
Discussion
It is generally accepted that a high-quality SR of RCTs and an associated MA can provide a higher LE than a single RCT addressing the same question [2] . This can be problematic, however, when the results of the MA are in direct conflict with the RCT, making it difficult for guideline organizations to interpret the evidence and issue recommendations.
Guideline groups should follow well-defined methodological rules to assess the studies in these situations. RCTs should be appraised for their internal and external validity using established tools [51] . The conflicting SR/MA should be appraised in the same fashion to determine the methodological quality of the review, the quality of the studies included, inconsistency within the studies, unexplained heterogeneity, and the likelihood of publication bias using tools such as AMSTAR [28, 29] and DART [30] . In some cases, the discrepancy may be due to errors in the MA in applying study eligibility criteria or even data extraction [52] , so there is a need for an SR/MA protocol and strict quality control.
When MAs include many small underpowered studies, especially combined with likely presence of publication bias, there is immediate concern for overinflation of, or completely erroneous, effect size measurement. In addition, when a great degree of heterogeneity exists in the MA that cannot be easily accounted for, the results may be highly unreliable. In this regard, IPD MAs provide a better platform for assessing and explaining heterogeneity than aggregate data MAs do.
Two examples were discussed in this manuscript to illustrate the assessment process. In the case of MET for ureteric stones, a large, high-quality RCT [8] contradicted many well-established MAs that pointed to a benefit of this therapy. Analysis of a representative MA [36] revealed the inclusion of many small RCTs, poor internal validity, significant study[ 2 _ T D $ D I F F ] heterogeneity and likely publication bias. When such MA concerns are present, a single high-quality RCT may be considered as having the higher LE. For guideline organizations, this process can be used to justify a change in recommendations based on methodologically sound principles.
Radical versus partial nephrectomy provides a more complex example. The MA [9] included only a single RCT, which was the study in conflict with its own results. The other studies included were all retrospective, which in general provide a lower LE. Risk of bias was poorly assessed, and significant study heterogeneity was present. It is important to reiterate that combining observational studies in general, and even comparative nonrandomized studies with RCTs in an intervention MA, may produce unreliable results and is not considered valid. In light of all this, the single RCT [10] in this circumstance might provide more guidance than the MA if it was of significantly high quality. However, this RCT also had some methodology concerns, so the comparison is not so simple.
Instead of automatically assigning a higher LE to SR/MAs that conflict with RCTs, these examples have shown that the quality of the evidence and the RoB of studies included in SRs/MAs should be assessed to determine which source provides the better evidence.
Although non-RCTs can be included in SRs, we have emphasized that only RCTs should be included in intervention MAs. RCTs are not required for MAs [ Despite the availability of MAs and RCTs, and in cases where high LE does not exist, we may still not know what the best treatment is. The GRADE system, which takes into account the quality of evidence (high, moderate, low, very low) for critical outcomes, provides strengths of recommendations (strong, weak) for or against a treatment to aid clinicians in their practice when consensus is not possible [42, 53] . A decision curve approach, which takes into account a patient's values and preferences, may also be used to help choose between the different treatment options.
Conclusions
New or existing RCT data can lead to conflicts with MA data.
In this paper, we present examples of and explore reasons for such conflicts. Guidance is provided to guideline developers on how to interpret conflicting data in such circumstances to help assess which source is more reliable. For guideline organizations both within and outside urology, having a well-defined and robust process to deal with such conflicts is essential to improve guideline quality.
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